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Rational design of organoboron heteroarene derivatives as
luminescent and charge transport materials for organic
light-emitting diodes

Ruifa Jin" and Wenmin Xiao

A series of organoboron heteroarene derivatives has been designed for applications in organic
light-emitting diodes (OLEDs). Their optical, electronic, and charge transport properties have
been explored theoretically by using density functional theory (DFT) and time-dependent DFT
(TD-DFT). The frontier molecular orbitals (FMOs) and local density of states analysis have
turned out that the vertical electronic transitions of absorption and emission are characterized
as intramolecular charge transfer (ICT). The calculated results show that their optical,
electronic, and charge transport properties are affected by the different heteroaromatic groups.
Our results reveal that the molecules under investigation can serve as luminescent materials for
OLEDs. In addition, molecules under investigation are expected to be promising candidates for
hole and/or electron transport materials. We have also predicted the mobility of the studied
compounds. On the basis of investigated results, we proposed a rational way for the design of

luminescent materials as well as charge transport materials simultaneously for OLEDs.

Introduction

Four-coordinate organoboron compounds have recently stirred great
attention in connection with their broad applications in
optoelectronic devices, such as emitters, electron-transport materials,
host/hole blocking materials for organic light-emitting diodes
(OLEDs), probes, sensors, and photoresponsive materials.*”
Especially, boron-containing aromatic and conjugated heterocycles
appear to be particularly attractive for use in OLEDs owing to their
high thermal and chemical stability.®*° However, the lower
efficiency of OLEDs is still the main obstacle for their
commercialization application. The intense luminescence and high
carrier mobility of materials are the two most important parameters
for high performance OLEDs.™ Therefore, it has become one of the
urgent research topics for the research community to develop new
high efficiency multifunctional organic materials that exhibit carrier
mobility for use in OLEDs. Four-coordinate organoboron
compounds represent a promising class of multifunctional materials
for OLEDs. This type of molecular structure has become the most
efficient strategy used in the design and synthesis of OLEDs
materials with the tunable properties. Four-coordinate organoboron
compounds containing a n-conjugated organic backbone attached to
a tetrahedral boron center display pronounced charge-transport
properties and strong fluorescence with high quantum yields. The
chelate ligands with rich m-electrons are coordinated with boron
center with empty =-orbitals to allow intramolecular electron
delocalization and the formation of rigid m-conjugated skeletons.
The mn-conjugated framework of four-coordinate organoboron
compounds intensify the emission and enhance the electron-transport
properties.’*™® Theoretical study provides an essential role in
developing materials. A number of studies demonstrate the interplay
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between theory and experiment, which is capable of providing useful
insights to the understanding of the nature of molecules.**
Recently, some four-coordinate organoboron compounds have been
reported.” It was found that these molecules have large Stokes shift,
high fluorescence quantum yield, and excellent photostability
properties.

In this work, we report the investigation of both optical and
charge transporting properties from theoretical point of view for
four-coordinate organoboron derivatives. The purpose of this
molecular architecture was to investigate the relationship between
topologic structure and optical as well as electronic properties,
rendering it a good candidate for OLEDs materials. Several
derivatives (Scheme 1) have been designed to provide a
demonstration for the rational design of novel luminescent and
charge transporting materials for OLEDs. We also investigated their

carrier mobility property of the compounds under investigation.
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Scheme 1 Molecular structures of the investigated molecules
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Computational methods

All calculations were carried out with the aid of the Gaussian 09
package.’® The equilibrium structures of the compounds under
investigation in ground states (S,) were optimized using the B3LYP
method. The corresponding structures in the first excited singlet state
(S1) were optimized using TD-B3LYP. All geometry optimizations
were performed using the 6-31G(d,p) basis set. The harmonic
vibrational frequency calculations using the same methods as for the
geometry optimizations were used to ascertain the presence of a
local minimum. Absorption and fluorescent properties of the studied
compounds were predicted using the TD-B3LYP/6-31+G(d,p) based
on the optimized Sy and S; geometries, respectively.

According Marcus’ “hopping” mechanism,’®? the charge
transfer rate can be calculated by means of the following equation:

<) oo )

where kg is the Boltzmann constant and T is the absolute temperature.

A and V correspond to the reorganization energy and the charge
transfer integral, respectively. From eq 1, one can find that the 2 and
V are the two key parameters.

For the reorganization energy 4, they consist of contributions
from the external reorganization energy (ey) and internal
reorganization energy (). Zext represents the effect of polarized
medium on charge transfer. ;,; means a measure of structural change
between ionic and neutral states.?! The computed values of the /gy in
pure organic condensed phases are not only small but also are much
smaller than their 4;,.222* Moreover, there is a clear correlation
between i, and charge transfer rate in literature.”>?® Therefore, we
focus on the Z;; exclusively. The 1, and 4, can be calculated by
equations (2) and (3):

Ae=(Eo—EZ)+(E°-ES}) )
n=(Es—EL)+(E2-E)) )
Where g; and g, are the energy of the cation and anion calculated
with the optimized structure of the neutral molecule, E* and E_ are

the energy of the cation and anion calculated with the optimized
cation and anion structure, and Ef and g° are the energy of the

neutral molecule calculated at the cationic and anionic state. Finally,
EJ is the energy of the neutral molecule in ground state. For

comparing with the interested results reported previously,®%° the
reorganization energies for electron (4,) and hole (4,) of the
molecules were predicted at the B3LYP/6-31G(d,p) level on the
basis of the single point energy.

The charge transfer integral for hole (electron) transfer can be
obtained through a direct approach, which can be written:3%

v :<¢f\ﬁo\¢g> @
Here Vj is the transfer integral, ¢l° and ¢2° are the unperturbed

frontier orbital of molecules 1 and 2, respectively. FO represents the
Kohn-Sham-Fock operator of the dimer obtained with the

unperturbed density matrix. F° can be calculated by the molecular
orbitals and density matrix of the two individual molecules, which
can be studied separately by using the standard self-consistent field
procedure. The pw91pw91/6-31G(d) method is employed to
calculate the transfer integral. This method gave reasonable
description for intermolecular coupling term previously.%?*® In this
work, for the crystal structures of the designed compounds are not
available, we theoretically predict the crystal structures to calculate
the transfer integrals. Molecular mechanics simulations have been
used to optimize their conformations and crystal packings.** The
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crystal parameters have been successfully regenerated by molecular
dynamics simulation.®>* Furthermore, it is reported in the literature
that this method have been used to predict the crystal
structures.*%"3 Therefore, the molecular crystal structures are
predicted by the module Polymorph of software package Materials
Studio.® The geometry of the cluster models used in present study
was taken from B3LYP/6-31G(d,p) level.

The drift mobility of hopping, u, can be evaluated from the
Einstein equation:

- (5)
H=T P
Where e is the electronic charge, D is the diffusion coefficient,
which can be evaluated as:*

2 21,2
D:nmiwzizolﬁki oo L 20K ©)
t—>o 2N t 2n 7 n Zi ki

Here d; is the center mass distance to neighbour i, n means the
spatial dimension of the crystal, k; is the hopping rate due to charge
transfer to ith neighbour. P; represents the relative probability for
charge transfer to a particular ith neighbour, i.e.

p_ ki )

i Zki

j
Results and discussion

Frontier molecular orbitals

To characterize the optical and electronic properties, it is useful to
examine the frontier molecular orbitals (FMOs) of the compounds
under investigation. The distribution patterns of the FMOs including
the highest occupied molecular orbital (HOMO) and the lowest
unoccupied molecular orbital (LUMO) of the studied compounds
(la-1d and 2a-2d) are plotted in Fig. 1. The total and partial
densities of states (TDOS and PDOS) on each fragment of the
investigated molecules around the HOMO-LUMO gaps were
calculated based on the current level of theory. The contributions of
individual fragments (in %) to the FMOs of the studied compounds
are given in Table 1. In all cases, both the HOMOs and LUMOs
show 7 characteristics as visualized in Fig. 1. The Sy — S; excitation
process can be mainly assigned to the HOMOs — LUMOSs
transitions, which corresponds to a m-n* excited singlet state. One
can find that the HOMOs and LUMOs are spread over the whole
conjugated molecule. It implies that the spatial overlap between the
HOMOs and LUMOs are strong, which may result in stronger
optical absorption corresponding to the transition from HOMOs to
LUMOs. Furthermore, the distribution patterns of HOMOs and
LUMO:s also provide a remarkable signature for the charge-transfer
character of the vertical S, — S; transition. The results displayed in
Table 1 show that the contributions of 2-difluoro-1,3,5,2-
triazaborinine (FTRB) and heteroaromatic groups (HAR) fragments
for la-1d to LUMOs are increased, while the corresponding
contributions of naphthalene (NA) fragments are decreased
compared with those of to HOMOs, respectively. However, for 2a—
2d, the contributions of NA and FTRB fragments to LUMOs are
increased, while the corresponding contributions of HAR fragments
are decreased compared with those of to HOMOs, respectively. It
indicates that the excitation of the electron from the HOMOs to
LUMOs leads the electronic density to flow mainly from the NA
fragments to FTRB and HAR fragments for la-1d, while the
corresponding electronic density to flow mainly from HAR
fragments to NA and FTRB fragments for 2a-2d. The percentages
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of charge transfer are the differences between the contributions of
fragments for LUMOs and the corresponding contributions for
HOMOs in the compounds under investigation. The percentages of
charge transfer from NA fragments to FTRB and HAR fragments are
8.2 ~ 24.6% for 1la-1d. The corresponding percentages of charge
transfer from the HAR fragments to NA and FTRB fragments are 7.9
~ 16.3% for 2a-2d. The results displayed in Table 1 reveal that the
NA fragments serve as donors and FTRB and HAR fragments serve
as acceptors for 1a—1d. The HAR fragments serve as donors and NA
and FTRB fragments serve as acceptors 2a—2d. Furthermore, the
photophysical properties of intramolecular charge transfer are well
known and highly dependent on the electron donor/acceptor
strength.***? The introduction of different donor (acceptor) groups
strengthens the electron-donating (-withdrawing) abilities of donors
(acceptors). Therefore, the ICT transition in such ring-fused
structures become much easier after introducing of different donor
(acceptor) groups, resulting in the large bathochromic shift in their
absorption and fluorescence spectra.

HOMO

> 3975 §
4 M?ﬁ#«i%d?ﬁ@
o fots den S
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Fig. 1 The electronic density contours of the frontier orbitals for 1a-1d and
2a-2d at the B3LYP/6-31G(d,p) level

LUMO

HOMO

Table 1 The contributions of individual fragments (in %) to the FMOs of the
studied compounds at the B3LYP/6-31G(d,p) level

HOMOs LUMOs
Species  NA® FTRB® HAR® NA? FTRB® HAR®
BATZ 51.6 33.9 145 52.4 35.5 12.4
la 52.9 32.8 14.3 44.7 38.8 16.4
1b 45.0 343 20.7 34.6 38.2 27.2
1c 50.5 331 16.4 25.9 35.2 38.9
1d 33.1 28.9 37.9 21.0 29.6 494
2a 46.9 334 19.7 56.6 349 85
2b 43.0 325 245 55.3 36.5 8.2
2c 48.0 30.5 215 50.1 37.3 125
2d 375 29.0 335 414 33.0 25.6
ANA: Naphthalene fragment; °FTRB: 2-difluoro-1,3,5,2-triazaborinine

fragment; "HAR: heteroaromatic groups.

It is well-known that the HOMO energy (Enomo), LUMO
energy (ELumo), and HOMO-LUMO energy gap (Eg) are heavily
related to the optical and electronic properties. To understand the
influence of the optical and electronic properties, the Exomos ELumos
and Eg4 values of the studied compounds were calculated and the
results are summarized in Table 1. One can find that both the Exomo
and E, ymo values of the studied compounds decrease compared with
those of parent compound chelate boron-containing 1,3,5-triazine
derivative (BTAZ, see Scheme 1), as shown in Table 1. The Exomo
values are in the order of BTAZ > 2a>1a>2b>1b>1d>2d > 2c
> 1c. The sequence of E, ypmpo is BTAZ >2a>2b >1a>2b>2d >
2¢ > 1d > 1c. Thus, the E4 values are in the order of BTAZ > 2a =

This journal is © The Royal Society of Chemistry 2012
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2b > 2c>1a>2d>1b > 1c > 1d. It suggests that the E4 values of
the molecules with pyrazine fragments are smaller than that of the
corresponding molecules with thiazole fragments. Furthermore, for
both molecules with pyrazine and thiazole fragments, the E4 values
decrease by introduction of thiophene, 1,2,5-thiadiazole, and
thieno[3,4-b]pyrazine functional groups on pyrazine or thiazole rings,
respectively. It suggests that the E; values are affected by the
introduction of different heteroaromatic groups to these molecules.

2
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Fig. 2 The FMOs Energies Enxomo and ELumo and HOMO-LUMO gaps Eq
(all in eV) of the studied compounds at the B3LYP/6-31G(d,p) level

Absorption and fluorescence spectra

The absorption A, and fluorescence Ay wavelengths, main
assignments, and the oscillator strength f for the most relevant
singlet excited states of the compounds under investigation are listed
in Tables 2 and 3, respectively. The A, and Aq values of BTAZ are
all in agreement with experimental results,'’ the deviations are 2 and
31 nm, respectively. The Stokes shift of BTAZ is 113 nm, which is
comparable to the experimental 80 nm. Thus, this result credits to
the computational approach, so appropriate electronic transition
energies can be predicted at these levels for this kind of system.

For the absorption spectra, the HOMOs — LUMOs transitions
play a dominant role for the compounds under investigation. The
results presented in Table 2 show that the A, of 1a-1d and 2b-2d
have bathochromic shifts 7, 38, 51, 110, 8, 11, and 27 nm compared
with that of the parent compound BTAZ, respectively. The A, of 2a
is almost equal to that of BTAZ. Moreover, 1b, 1c, 2b, and 2¢ have
larger oscillator strengths than that of BTAZ. The f value 1a, 2a, and
2d are almost equal to that of BTAZ, while the corresponding value
of 1d is slightly less than of BTAZ. The oscillator strength for an
electronic transition is proportional to the transition moment.® In
general, larger oscillator strength corresponds to larger experimental
absorption coefficient or stronger fluorescence intensity. This
indicates that the compounds under investigation shown larger
absorption intensity than that of BTAZ except for 1d.

For the fluorescence spectra, the LUMOs <« HOMOs
excitations play a dominant role for BTAZ, 1a, 1c, and 2a-2c¢ while
the fluorescence of 1b, 1d, and 2d mainly arise from HOMOs-1 «
LUMOs excitations. As shown in Table 3, the A4 values of la-1c
and 2a-2c show bathochromic shift 1, 13, 41, 4, 8, and 19 nm
compared with that of BTAZ, respectively. The Stokes shifts of 1a—
1c and 2a—2c are 107, 88, 103, 118, 114, and 121 nm, respectively.
The A5 of 1d and 2d have hypsochromic shifts 13 and 34 nm

J. Name., 2012, 00, 1-3 | 3
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compared with that of BTAZ, respectively. Furthermore, the f values
of the compounds under investigation are larger than that of BTAZ
except that the corresponding value of 2a is almost equal to that of
BTAZ, corresponding to strong fluorescence spectra. This implies
that the studied compounds have large fluorescent intensity and they
are promising luminescent materials for OLEDs.

Table 2 The longest wavelength of absorption spectrum A, corresponding
oscillator strength f, and assignments (coefficient) for the compounds under
investigation at the TD-B3LYP/6-31+G(d,p)//B3LYP/6-31G(d,p) level, along
with available experimental data

thieno[3,4-b]pyrazine fragments lead to the increase of hole transfer
rates, while instruction of 1,2,5-thiadiazole fragments decrease the
hole transfer rates for the compounds under investigation. For the /,,
the prediction of 4. values is in the sequence 1b < 1d < 1c < 1a for
la-1d and 2d < 2c < 2b < 2a for 2a-2d, respectively. This shows
that the introduction of the thiophene, 1,2,5-thiadiazole, and
thieno[3,4-b]pyrazine fragments results in decrease of electron
transfer rates for molecules under investigation.

Table 4 Calculated molecular Xe and An (in eV) of the compounds under
investigation at the B3LYP/6-31G(d,p) level.

Page 4 of 8

Species Aabs f Assignment “Species A 7

BTAZ 436 0.42 H-L (69%) 1a 0.275 0.259
la 443 0.41 H — L (70%) 1b 0.214 0.197
1b 474 0.48 H — L (70%) 1c 0.279 0.216
1c 487 0.53 H—L (70%) 1d 0.198 0.200
1d 546 0.10 H—L (62%) 2a 0.231 0.350
2a 435 0.40 H—L (69%) 2b 0.197 0.333
2b 444 0.51 H—L (70%) 2c 0.254 0.273
2c 447 0.50 H—L (69%) 2d 0.199 0.192
2d 463 0.43 H—L (68%)

EXP? 438

#The Experimental Aqps of BTAZ in CH,Cl, were taken from Ref. [17].

Table 3 The strongest fluorescence wavelengths Aq (in nm), the oscillator
strength f, and main assignments (coefficient) of the compounds under
investigation at the TD-B3LYP/6-31+G(d,p)//TD-B3LYP/6-31(d,p) level,
along with available experimental data

Calculated crystal structure and transport properties

We calculated the mobility of the compounds under investigation to
study their charge transport property. The calculated total energies of
the compounds under investigation in different space groups are

summarized in Table S1 in ESI. The lattice constants of the

Species A f Assignment

BTAZ 549 0.26 He«L (69%)
la 550 0.27 H«L (69%)
1b 562 0.41 H-1«L (70%)
1c 590 0.44 HeL (70%)
1d 538 0.64 H-1«L (68%)
2a 553 0.24 H<«L (69%)
2b 558 0.30 H<«L (69%)
2c 568 0.28 H<«L (69%)
2d 515 0.57 H-1«L (69%)

EXP? 518

#The Experimental Aq of BTAZ in CH,Cl, were taken from Ref. [17].

Reorganization energy

The calculated reorganization energies for hole and electron are
listed in Table 4. It is well-known that, the lower the reorganization
energy values, the higher the charge transfer rate.®?° The results
displayed in Table 4 show that the 4, values of the compounds under
investigation (0.197 — 0.279 eV) are smaller than that of N,N’-
diphenyl-N,N’-bis(3-methlphenyl)-(1,1’-biphenyl)-4,4’-diamine

(TPD), which is a typical hole transport material (1, = 0.290 eV).% It
indicates that the hole transfer rates of the compounds under
investigation may be higher than that of TPD. On the other hand, the
calculated A, values of la-1d, 2c, and 2d are smaller than that of
tris(8-hydroxyquinolinato)aluminum(lll) (Alg3) (4 = 0.276 eV), a
typical electron transport material.®® It suggests that the electron
transfer rates of 1a—1d, 2c, and 2d might be higher than that of Alg3.
However, the 1, values of 2a and 2b are larger than that of Alg3,
indicating that the electron transfer rates of 2a and 2b might be
lower than that of Alg3. It suggests that the electron transfer rates of
2a and 2b might be lower than that of Alg3. Therefore, these
molecules are potential electron and hole transport materials except
2a and 2b can serve as hole transport materials only under the proper
operating conditions for OLEDs from the stand point of the smaller
reorganization energy. The 7, values are predicted in the order 1d <
1b < 1a < 1c for 1la-1d and 2b < 2d < 2a < 2c for 2a-2d,
respectively. This shows that the instruction of thiophene and

4| J. Name., 2012, 00, 1-3

compounds under investigation with the lowest total energies are
listed in Table S2 in ESI. We predict the mobility of the compounds
under investigation with the lowest total energies. The transmission
paths are selected according to the optimized crystal structures. We
arbitrarily choose one molecule in the crystal as the carrier donor
and take all its neighboring molecules as paired elements. Each pair
is defined as a transmission path. Then the charge transfer integral
can be calculated according to the transmission path. The mobility
can be estimated from the Einstein relation. The predicted crystal
structures of 1d and 2d as representation are shown in Fig. 3. The
calculated crystal structures of 1d and 2d with the lowest total
energies belong to P2,2,2; and Pbca space groups, respectively. Fig.
4 shows the most important pathways (dimers) for 1d and 2d. The
calculated transfer integrals of 1d and 2d for holes and electrons in
space groups P2,2,2, and Pbca respectively are listed in Table 5. We
also calculated the charge transfer integrals of 1d in Cc space group
and 2d in Pna2; space group and the results are summarized in Table
S3 in ESI. The calculated holes and electrons transfer integrals and
the corresponding space groups of 1a—1c and 2a—2c with the lowest
total energies are listed in Table S4 in ESI. The data in Table 5
reveal that the electronic coupling is determined by the relative
distance and orientations of the interacting molecules.** Furthermore,
from Table 5, one can find that 1d possesses the largest absolute
electron and hole coupling values in pathways 5 and 6 for space
group P2,2,2,, respectively. For 2d, it possesses the largest absolute
electron and hole coupling values in pathway 5 for space group Pbca
and in pathways 1 and 2 for space group Pna2;. It indicates that the
orientation of the interacting molecules is the key factor of hole or
electron coupling values. The reason is that the co-facial stacking
structure is expected to provide more efficient orbital overlap
leading to the most efficient charge transfer route.** The calculated
electron and hole mobility of the compounds under investigation are
listed in the Table 6. The results displayed in Table 6 show that the
hole mobility values of the compounds under investigation are larger
than that of TPD (1.0x107% cm? V! s)* except the corresponding
value of 1b (4.43x10™ cm? V! s is slightly smaller than that of
TPD. The hole mobility values are in the order of 1c > 1a > 1d > 1b

This journal is © The Royal Society of Chemistry 2012
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for 1a-1d and 2a > 2¢ > 2b > 2d for 2a-2d. It suggests that the hole
mobility values can be increased by introduction of the 1,2,5-
thiadiazole group, while the introduction of thiophene and
thieno[3,4-b]pyrazine groups leads to a decrease in the hole mobility
values for the molecules with pyrazine fragments. The introduction
of thiophene, 1,2,5-thiadiazole, and thieno[3,4-b]pyrazine groups
leads to a decrease in the hole mobility values for the molecules with
thiazole fragments. The sequences of electron mobility are 1a > 1b >
1d > 1c for la-1d and 2d > 2c > 2a > 2b for 2a-2d. One may
conclude that the electron mobility values can be decreased by
introduction of thiophene, 1,2,5-thiadiazole, and thieno[3,4-
b]pyrazine groups for the molecules with pyrazine fragments. For
the molecules with thiazole fragments, the introduction of 1,2,5-
thiadiazole and thieno[3,4-b]pyrazine groups leads to a increase in

e
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the electron mobility values, while the introduction of thiophene
group decreases the electron mobility value. In addition, both the
values of electron and hole mobility for 1d in P2,2,2, space group
are larger than those in Cc space group, respectively. The values of
electron and hole mobility for 2d in Pbca space group are larger than
those in Pna2; space group, respectively. Furthermore, the electron
mobility values of 1d and 2d in two space groups are larger than
those of hole mobility values, respectively. It shows that different
space groups lead to different mobility values, that is to say, the
stacking structure is the most important factor for molecular mobility
property. The theoretical prediction shows that the compounds under
investigation can be made as charge transfer materials using for
OLED:s.

e, e T S S 5

" \” W
(a)

(b)

Fig. 3 Herringbone structures of 1d in P2,2,2; space group (a) and 2d in Pbca space group (b).

Fig. 4 Crystal structures and hopping routes of 1d in P2,2,2; space group (a) and 2d in Pbca space group (b).

Table 5 Center—center distance (in A) and the corresponding hole and
electron coupling (in eV) between the dimer in all of the nearest neighbor
pathways for 1d and 2d in different space groups

Species Space Pathway  Distance Electr_on HOI?
groups coupling coupling
1d P2:2:2; 1 12.074 -3.60x10® 1.08x10°
2 12.074 -3.60x10°® 1.08x10°
3 13.900 1.50x10°% -4.00x10*
4 13.900 1.50x10°® -4.00x10*
5 8.717 5.40x10° 2.40x10°
6 11.042 1.95x10* -2.50x10°®
7 9.819 1.40x10° 1.20x10°
8 9.819 1.40x10° 1.20x107%
2d Pbca 1 17.153 2.96x10™ -2.79x10°
2 17.153 2.96x10™ -2.79x10°
3 9.121 -3.47x10°® -5.89x10°
4 9.121 -3.46x10° -5.90x10°
5 9.553 1.13x10? -6.40x10°®

6 10.126 -2.80x10°° 6.20x10°
7 8.484 5.09x10™ 2.96x10™
8 13.179 -1.98x10° -5.04x107
9 10.561 -8.03x10° 1.27x10*
10 10.561 -8.05x10° 1.27x10*

Table 6 The electron and hole mobility of the compounds under investigation
with the lowest total energies [T = 298.15 K, in cm? V' 5]

This journal is © The Royal Society of Chemistry 2012

Species Space groups Electron mobility Hole mobility
la [ 1.16x10% 3.30x10%
1b P2, 8.69x10° 4.43x10™
1c P2, 8.21x10* 5.70x107?
1d P2,2:2, 6.23x10°° 1.80x10°%
2a Cc 7.01x10* 3.60x10%
2b Pbca 2.49x10"* 1.98x10?
2c Pna2; 1.03x10% 2.04x10%
2d Pbca 4.22x10? 1.35x1072

J. Name., 2012, 00, 1-3 | 5



New Journal of Chemistry

Conclusions

In this paper, a series of four-coordinate organoboron derivatives
have been systematically investigated for organic light-emitting
diodes applications. The frontier molecular orbitals and local density
of states analysis have turned out that the vertical electronic
transitions of absorption and emission are characterized as
intramolecular charge transfer (ICT). The calculated results show
that their optical, electronic, and charge transport properties are
affected by the aromatic groups. The frontier molecular orbitals
energy gap (Eg) of molecules with pyrazine and thiazole fragments
decrease by introduction of thiophene, 1,25-thiadiazole, and
thieno[3,4-b]pyrazine groups on pyrazine or thiazole rings,
respectively. The fluorescence wavelengths show bathochromic shift
except the molecules with thieno[3,4-b]pyrazine groups (1d and 2d)
have hypsochromic shifts compared with that of parent compound
chelate  boron-containing 1,3,5-triazine derivative (BTAZ).

Furthermore, the studied compounds have large fluorescent intensity.

Our results reveal that the molecules under investigation can serve as
luminescent materials for organic light-emitting diodes. In addition,
the reorganization energy results reveal that the studied compounds
are expected to be promising candidates for electron and hole
transport materials except molecules with thiazole and thiazo[3,4-
d]thiazole fragments (2a and 2b) can serve as hole transport
materials only under the proper operating conditions. The charge
mobility of the studied compounds were also investigated. The
results show that the studied compounds have high hole and/or
electron mobility. On the basis of investigated results, we proposed a
rational way for the design of charge transport and luminescent
materials for organic light-emitting diodes simultaneously.
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